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Figure 1. These data are for 6 of 10 subjects who demonstrated reduced extensor
moment when walking with increased FPA. The extensor moment was signiﬁcantly
smaller for the FPA condition while no differences were noted for the adduction
moment. * ¼ p < 0.05.
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LATERAL TIBIO-FEMORAL SHIFT RELATED TO MEDIAL KNEE
OSTEOARTHRITIS
R.H. Lidtke 1,2, B. Goker 3, A. Tufan 3, J.A. Block 1. 1Rush Univ. Med. Ctr.,
Chicago, IL; 2Des Moines Univ., Des Moines, IA; 3Gazi Univ. Med. Sch.,
Ankara, Turkey
Purpose:Medial knee osteoarthritis (MKOA) has been shown to be related
to malalignment of the knee joint segments with several radiographic
measurements used to quantify the abnormality. Radiographic observa-
tions of a lateral tibial shift in subjects with MKOA has led the authors to
hypothesize that this ﬁnding is more prevalent in MKOA than normal
controls and is associated with MKOA measurable gait parameters.
Methods: 90 subjects (69F 21M, Age 608, BMI 28.34.0) with radio-
graphic and symptomatic medial knee OA (K-L grade 2-3, ambulatory pain
>30 mm on a 100 mm VAS) were compared to 24 (18F 6M) age (5910)
and BMI (28.88.3) matched controls with no knee pain (K-L grade 0-1).
Full limb mechanical axis and AP X-rays of the ankles were obtained. The
tibial lateral shift (image 1), deﬁned as the distance between the center of
the intercondylar notch of the femur and midpoint of the tibial plateau,
was measured, using Image J software (US NIH, Bethesda, MD, http://
rsbweb.nih.gov/ij/). Subjects underwent gait analyses using an optoelec-
tronic camera system andmulti-component force plate. Subjects walked at
their normal speed, and comparisons were performed after matching for
speed. The peak external knee AddM (%bodyweight * height, %BW*Ht) was
calculated at the knee and used as the primary endpoint. Paired t-tests
were used to compare group differences. Pearson's correlations were
calculated to analyze the relationship between knee moments and the
other radiographic parameters with signiﬁcance set at p<0.05.
Results: The mean  S.D. lateral tibio-femoral shift was 5.182.45 mm in
the MKOA group compared to 1.51.22 mm in the control group (p<0.01).
Interestingly there was no relationship between the lateral shift and
mechanical axis (r¼0.11, p¼0.23). There was an apparent relationship
between the external knee adductionmoment and lateral tibial shift in the
MKOA group with greater lateral tibial shift related to greater knee
moments (r¼0.46, p<0.01). There was no relationship between
knee adduction moments and lateral tibial shift in the control group
(r¼0.13, p¼0.09).Conclusions: Lateral tibio-femoral shift is greater in MKOA than in normal
controls and is related to increased medial knee loads. These ﬁndings
suggest that the lateral tibio-femoral shift may be a new radiographic
marker for MKOA. Further studies are needed to determine the clinical
validity of assessing the tibio-femoral shift.
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ALTERED FOOT PROGRESSION ANGLE GAIT MODIFICATION FOR MEDIAL
KNEE JOINT LOAD REDUCTION IN PEOPLE WITH MEDIAL KNEE
OSTEOARTHRITIS
M. Simic 1, T.V. Wrigley 1, R.S. Hinman 1, M.A. Hunt 2, K.L. Bennell 1. 1 The
Univ. of Melbourne, Melbourne, AUSTRALIA; 2Univ. of British Columbia,
Vancouver, BC, Canada
Purposes: To evaluate the immediate effect of varying amounts of foot
progression angle (FPA) gait modiﬁcation on 1) medial knee load, as
measured by the external knee adductionmoment (KAM) and knee ﬂexion
moment (KFM), and 2) knee pain, in individuals with medial knee osteo-
arthritis (OA). Inﬂuences of knee mechanical alignment and WOMAC pain
on load-modifying effects of altered FPA were also investigated.
Methods: People with clinical and radiographic medial knee OA were
recruited (13F, 9M; age 69.7yrs9.0; mass 77.9kg16.5). Standard weight-
bearing AP radiographs were used to conﬁrm OA and quantify mechanical
knee alignment. Participants underwent 3-D gait analysis along a 10m
walkway (8-camera VICON, 3 AMTI force plates) using the standard VICON
lower body Plug-In-Gait marker set. A repeated measures experimental
study was conducted with six gait conditions (5 trials each). Following
natural walking trials, a physiotherapist instructed participants to alter FPA
of the symptomatic limb toward the toe-in and toe-out directions. Real-
time biofeedback of FPAwas provided to participants via a projector screen
placed at the end of the walkway. Biofeedback comprised of a protractor-
like display consisting of an arrow indicating their FPA during stance and
a shaded target area for each gait modiﬁcation condition. Gait modiﬁcation
conditions were recorded at natural gait speed in random order, where
participants attempted the following FPAs: 10 toe-in; 0 FPA; 10 toe-out;
20 toe-out; 30 toe-out. Knee pain during each condition was evaluated
via an 11-point numeric rating scale. Measures of medial knee load, the
early and late stance KAM peaks, KAM impulse, and peak KFM, were
primary outcomes. Effects of the modiﬁcation on KAM were evaluated
using linear mixed models, with participants as the random factor and FPA
during foot ﬂat as the ﬁxed factor. Interactions with the independent
variable were used to assess contributions of mechanical alignment and
WOMAC pain to the extent of load-modiﬁcation. Change in pain was
evaluated using repeated measures analysis of variance.
Results: Participants performed the toe-in gait conditions more accurately
than the toe-out conditions (gait data shown in Table 1). A dose-response
Descriptive data relating to natural gait and altered FPA gait conditions, reported as mean (95% CI)
Natural gait Attempted
10 toe-in
Attempted
0 FPA
Attempted
10 toe-out
Attempted
20 toe-out
Attempted
30 toe-out
Foot progression angle
FPA during foot ﬂat () -4.5 (-3.0, -5.9) 9.7 (8.3, 11.2) 2.3 (0.8, 3.7) -5.3 (-3.9, -6.8) -12.6 (-11.2, -14.1) -20.8 (-19.3, -22.2)
Gait characteristics
Speed (m/s) 1.26 (1.19, 1.33) 1.25 (1.18, 1.32) 1.25 (1.18, 1.32) 1.26 (1.19, 1.33) 1.26 (1.19, 1.33) 1.27 (1.19, 1.34)
Knee load
Early stance peak KAM (Nm/BW*Ht%) 3.74 (3.25, 4.24) 3.48 (2.98, 3.97) 3.65 (3.15, 4.14) 3.74 (3.25, 4.24) 3.92 (3.43, 4.42) 4.09 (3.59, 4.58)
- Timing-early stance peak KAM (stance %) 27.1 (25.6, 28.7) 28.0 (26.4, 29.5) 28.0 (26.4, 29.5) 26.2 (24.7, 27.8) 26.4 (24.8, 28.0) 25.2 (23.7, 26.8)
Late stance peak KAM (Nm/BW*Ht%) 2.11 (1.77, 2.45) 2.58 (2.23, 2.92) 2.37 (2.02, 2.71) 2.09 (1.75, 2.43) 1.78 (1.44, 2.12) 1.36 (1.02, 1.70)
- Timing-late stance peak KAM (stance %) 75.2 (72.7, 77.7) 78.1 (75.6, 80.7) 78.1 (75.6, 80.6) 75.3 (72.8, 77.7) 74.9 (72.4, 77.3) 76.4 (73.8, 78.9)
KAM impulse (Nm.s/BW*Ht%) 1.23 (1.02, 1.43) 1.30 (1.10, 1.51) 1.29 (1.09, 1.49) 1.25 (1.05, 1.45) 1.21 (1.01, 1.41) 1.17 (0.96, 1.37)
Knee ﬂexion moment peak (Nm/BW*Ht%) 2.75 (2.12, 3.39) 3.32 (2.68, 3.95) 2.94 (2.30, 3.57) 2.78 (2.14, 3.41) 2.68 (2.05, 3.32) 2.42 (1.78, 3.06)
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opposing effects on KAM outcomes (p<0.001). Toe-in gait reduced the
early stance peak KAM, more effectively in varus aligned knees (p¼0.042).
Toe-out gait reduced the KAM late stance peak and impulse (p<0.001),
with greater effects in varus aligned knees and less painful individuals
(p<0.001). The linear mixed model implies that the FPA effect was
reversed in individuals with greater pain (WOMAC pain over 11 for late
stance KAM and over 8 for KAM impulse), so that toe-in gait reduced those
KAM parameters. Peak KFM was reduced with toe-out gait (p<0.001).
There was no change in pain across conditions (p>0.05).
Conclusion: Altered FPA in people with medial knee OA signiﬁcantly alters
medial knee load throughout stance, as measured by the external KAM and
KFM. Due to signiﬁcant mediating effects of pain, the WOMAC OA index
may need to be administered prior to choice of gait modiﬁcation. If the
KAM impulse was targeted , toe-out gait should be advised for people with
mild pain and toe-in gait for people with moderate/severe pain.
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EFFECT OF MEDIAL ARCH SUPPORTS ON THE KNEE ADDUCTION
MOMENT IN PEOPLE WITH KNEE OSTEOARTHRITIS
R.S. Hinman, L. Bardin, M. Simic, K.L. Bennell. Univ. of Melbourne, Parkville,
AUSTRALIA
Purpose: It is recommended in clinical guidelines that people with knee
OA receive advice concerning appropriate footwear, however there is little
research available to guide clinicians regarding which types of shoes and
shoe insoles are optimal for (and conversely, which should be avoided).
Given that people with medial knee OA have a greater prevalence of
pronated feet compared to asymptomatic age-matched controls, and that
data has linked the pronated foot type to increased frequency of knee pain
and medial tibiofemoral cartilage damage in older people, clinicians
frequently prescribe these orthoses to patients with knee OA. However,
there is a potential that medial arch supports could shift the location of the
centre of pressure medially at the foot, thereby increasing load in the
medial knee compartment. Such an increase in medial knee load could
potentially be quite harmful for people with medial knee OA, given that
walking results in a repetitive and cumulative load at the knee on a daily
basis. This study aimed to evaluate the immediate effects of medial arch
supports on indices of medial knee joint load (the peak external knee
adduction moment (KAM) and knee adduction angular (KAA) impulse)
and knee pain during walking in people with medial knee OA.Table 1
Effects of medial arch supports on parameters of medial knee load.
Variable No arch supports, mean (SD) Arch s
First peak KAM (Nm/BW*H%) 3.63 (1.22) 3.72 (1
Second peak KAM (Nm/BW*H%) 2.05 (0.90) 2.06 (0
KAA impulse (Nm.s/BW*H%) 1.19 (0.52) 1.22 (0Methods: A within-subjects repeated measures study was performed.
Twenty one people (9 male, 12 female, mean (SD) age 69 (10) years) with
symptomatic and radiographic medial compartment OA were recruited
from the community. Participants underwent three-dimensional gait
analysis (eight camera VICON system and 2 AMTI force plates) while
wearing standardised athletic shoes (Nike Air Pegasus) and i) no medial
arch supports and ii) with prefabricated medial arch supports (Vasyli
Howard Dananberg orthoses) inserted in the shoes, in random order.
Participants walked at their usual comfortable pace and data were
collected from 5 successful trials for each test condition. Walking speed
was monitored and verbal feedback ensured that speed during each trial
varied not more than 5% from the average speed of the ﬁrst. Outcomes of
interest were the ﬁrst and second peaks in the external KAM, the KAA
impulse and severity of knee pain (numerical rating scale) during testing.
Outcomes were compared across conditions using paired t tests (gait data)
and Wilcoxon Signed Ranks test (pain data).
Results: There were no signiﬁcant changes in either the ﬁrst or second
peak KAM, or in the KAA impulse, with the addition of medial arch
supports (Table 1). Walking speed was not signiﬁcantly different across
test conditions. Considerable individual variation in response to the arch
supports was observed across participants. There was no immediate
change in knee pain during walkingwhenmedial arch supports wereworn
(median (IQR) 1(0-3) without arch supports vs 1 (1-4) with arch supports,
p¼0.56).
Conclusions: This study showed no signiﬁcant mean change in any of the
measured indices of medial knee load with medial arch supports.
Furthermore, no immediate changes in knee pain were evident. Further
research is needed to conﬁrm that the small nonsigniﬁcant increases in
parameters of knee load observed in this study with medial arch supports
are indeed clinically irrelevant.
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PEAK KNEE ADDUCTION MOMENT AND IMPULSE ARE NOT RELATED TO
CHANGES IN SELF-REPORTED PAIN OR PHYSICAL FUNCTION OVER 12
MONTHS IN INDIVIDUALS WITH MEDIAL KNEE OSTEOARTHRITIS
C.O. Kean, K.L. Bennell, K. Bowles, R.S. Hinman. Univ. of Melbourne,
Melbourne, AUSTRALIA
Purpose: Dynamic joint loading is thought to be a major contributing
factor to the development and progression of knee joint structural
changes. The external knee adduction moment (KAM) during walking isupports, mean (SD) Mean difference 95% CI p value
.23) 0.08 -0.06, 0.23 0.25
.79) 0.01 -0.15, 0.09 0.62
.52) 0.03 -0.02, 0.07 0.29
